Los Alamos
Introduction
The purpose of this study is to identify septic tanks containing concentrations of radioactive materials that exceed specified screening levels so that septage exceeding these screening levels is not disposed of at the Sanitary Wastewater System Consolidation (SWSC) project's centralized sanitary treatment plant. This work is being performed in response to DOWALO Finding LANL,/EPD/REM 94-9 and under DOE Order 5400.1.
Six systems were identified as having measured concentrations above the screening levels. Of the six systems, four are no longer active and have been abandoned; and two had samples with concentrations that were only marginally above the screening levels. Two additional systems were identified as potentially having measured concentrations above the screening levels and will need to be resampled to confirm whether or not the systems actually have measured concentrations above the screening levels.
LANL's septic tanks were sampled by JCYJENV. JCI is the primary support contractor for LANL. J E W is JCI's environmental group. JCUJENV took both liquid and sludge samples from the active systems. The samples were analyzed for gross alpha, gross beta, gross gamma, gamma isotopes (gamma spectroscopy) and tritium -1 -concentrations by the Inorganic Trace Analysis Group (CST-9) and Accu-Labs Research. The results from the sampling and analyses are presented in this report.
Estimates of the measurement and sampling uncertainty were made and are discussed. The estimated measurement uncertainty was compared to the values reported by the analytical laboratories. The estimated and reported measurement uncertainties tended to agree with one another. Other comparisons are also discussed. Results comparing the pairs of measurements for the duplicate and split samples are discussed. These pairs of measurements predominantly agreed with one another.
As shown in Tables 1 and 2 , LANL has 87 septic systems that have been permitted. Thirty-five are active, 2 are inactive, 18 are abandoned, and 32 have been bypasssed to the SWSC plant. Table 1 also shows the buildings that are served by each septic system.
Screening Levels
sanitary wastes only, but there are no regulatory concentration limits or screening levels for radioactivity set for septic systems by the State of New Mexico, the US Environmental Protection Agency, nor the US Department of Energy. The screening levels are effectively temporary waste acceptance criteria regarding the radioactivity of septage for the SWSC plant. Septage with levels exceeding these screening levels is not to be treated at the SWSC plant. Sources of radioactivity include natural sources (sources in the earth's crust; sources in the human body; decay products of radon; and radionuclides formed by cosmic radiation) and potential sources include medical isotopes, past atmospheric testing of nuclear weapons, and radionuclides from past or cumnt Laboratory operations.
regarding the presence of radioactivity and nonradioactive contaminants, if any, within the sanitary wastes to be treated by the SWSC plant.
The screening levels used for gross alpha, gross beta and tritium in the liquid phase are based on Safe Drinking Water Act limits or screening levels. The screening levels used for the sludge phase and for gross gamma in the liquid phase are based on screening levels currently being used for the SWSC plant. When grit and screenings from the SWSC plant exceed levels equivalent to the screening levels used for the septic tank sludge, they cannot be disposed of in a municipal landfill (LANL Administrative Procedure LANL-ESH-18-602, "Handling, Disposal and Reuse of Sanitary Treatment Solids," September 8, 1994).
The screening levels are shown in Table 3 . Septic systems are allowed to receive A task force is currently in the process of developing final waste acceptance criteria -2-
Sampling
Tables 4 and 5 show the systems that were sampled and the kind of samples that were taken. Duplicate and triplicate samples were taken to obtain an indication of the variability of the concentrations of radioactive materials, if any, in the septic tanks. Split samples were taken to obtain an indication of the variability of the analysis methods. Rinse samples were taken to obtain information concerning potential cross-contamination between the sampling equipment and the samples.
Initial sampling and analyses were done first to identify systems which potentially have measured concentrations above the screening levels. More extensive sampling and analyses were done later to confirm whether or not the systems identified as potentially having measured concentrations above the screening levels, actually had measured concentrations above the screening levels. The more extensive later sampling involved. taking rinse samples and triplicate samples that were split.
All of the active systems, except those that were dry, were sampled. Seven systems, TA-46-230, TA-53-1016, TA-18-39, TA-18-42, TA-18-120, TA-33-96, and TA-36-61, which were classified as active at the beginning of this study, have been abandoned, have become inactive or are connected to the SWSC plant and are no longer active systems. All of these systems were sampled, except for TA-53-1016, which was dry. If TA-53-1016 is used again, it will need to be sampled.
as potentially having measured concentrations above the screening levels, TA-9-109, TA-11-20 and TA-36-61. Later sampling was also done for two systems, TA-16-1153 and TA-72-18, when JCYUWWS uncovered and made accessible their septic tank hatches.
UWWS is JCI's utilities water and wastewater group. The initial sampling was done during August and September of 1995. The later sampling was done during May of 1996.
As shown in Table 6 for the initial sampling, 35 systems were sampled for liquids and 22 for sludge. Thirteen of the 35 tanks that contained liquid did not contain a sufficient depth of sludge to obtain sludge samples. Also as shown in Table 6 for the later sampling, 5 systems were sampled for liquids, 3 for sludge, and 2 of the tanks that contained liquid did not contain a sufficient depth of sludge to obtain sludge samples. Table 7 shows the number of systems sampled by sampling period, physical state of the sample and type of sample.
sample, analysis and type of sample. There were a total of 49 liquid and 27 sludge samples taken during the initial sampling and 50 liquid and 16 sludge samples taken during the later sampling. During the initial sampling, the samples were put into 500 ml As shown in Table 5 , later sampling was done for three systems that were identified Table 8 ,shows the number of samples taken by sampling period, physical state of the polyethylene containers; and during the later sampling, the tritium samples were put into 100 ml glass containers and the samples for the other analyses were put into 2 liter polyethylene containers. During the later sampling, 10 ml of concentrated nitric acid wqs added as a preservative to the 2 liter polyethylene containers prior to adding the liquid sample to obtain a pH of lee than 2.
The Analyses
All the other samples were analyzed by CST-9.
analytical methods for each set of analyses are described in Table. 12. Screening analysis methods were used for the first set and were performed on the initial set of samples.
These methods were selected prior to the selection of the screening criteria. As shown in Table 13 , the minimum detectable activities (MDA) for the screening analysis methods for gross alpha and beta in the liquid phase were above the alpha and beta screening levels, respectively. The MDA for a particular type of radioactivity and physical state of the sample depends on the analytical method selected, the sample size, the counting time, the background level, self-absorption, the presence of other substances in the sample, the counting system geometry and other factors; and needs to be substantially lower than the screening level.
analytical methods for the second set of analyses were selected such that their MDAs were below the alpha and beta screening levels for the liquid phase. The third set of analyses was performed on the Group B split samples and the later set of samples. Tables  10 and 11 also show the MDAs reported on a per sample and analysis basis for the second and third set of analyses. The percent moisture content of the sludge samples is also shown in Tables 9 through 11. The group B split and the rinse split samples were analyzed by Accu-Labs Research.
As shown in Tables 9 through 11 , there were three sets of analyses performed. The
The second set of analyses was performed on the initial set of liquid samples. The
Systems With Concentrations Exceeding Both MDAs and Screening Levels
The last column of Tables 9 through 11 , indicate which samples had measured concentrations that exceeded both the MDA and the screening level. The septage from the septic or holding tanks from these systems is not being pumped nor disposed of at the SWSC plant, except for TA-49-118 and TA-69-10, which had measured concentrations that only marginally exceeded the screening levels, and for TA-9-109, in which the analysis of the later samples did not confirm measured concentrations above the screening levels.
The following six systems were identified as having measured concentrations above TA-18-39 for gross alpha and beta in the liquid, TA-18-42 for gross alpha and beta in the liquid, TA-33-93 for gross beta and tritium in the liquid, TA-36-61 for gross alpha and beta in the liquid, TA-49-118 for gross beta in one of the duplicate liquid samples, and TA-69-10 for gross alpha in the liquid. the screening levels.
TA-18-39, TA-18-42 and TA-33-93, are no longer active; have been abandoned; have been cleaned or are expected to be cleaned; and were not resampled. Based on the analysis of both the initial and later samples, TA-36-61 had samples with measured concentrations that exceeded both the MDA and the screening level. TA-36-61 has been decontaminated and decommissioned by the Environmental Restoration Program during August, 1996. Two of the systems, TA-49-118 and TA-69-10, which had samples with measured concentrations that exceeded the MDA and marginally exceeded the screening level, were not resampled because of the marginal nature of the exceedances.
screening levels based on the analysis of the initial samples. The analysis of the later samples did not confirm that this system had measured concentrations above the screening levels but indicated that the sampling equipment was contaminated (measured concentrations above the screening levels were found in three of the rinse samples).
The following two systems were identified as potentially having measured concentrations above the screening levels and will need to be resampled. TA-11-20 for gross beta and gamma in the liquid, and TA-54-16 for gross beta in the sludge Group B split sample.
TA-9-109, was identified as potentially having measured concentrations above *e
Since during the later sampling TA-11-20 was sampled after TA-9-109 and the sampling equipment was found to be contaminated, there was potential for crosscontamination of the samples taken from TA-11-20. This system will need to be resampled to confirm whether or not the system actually has measured concentrations above the screening,levels. TA-54-16, was not identified as having measured concentrations above the screening levels until after the later sampling was performed, when the Group B split samples were analyzed. TA-54-16 will need to be resampled during fiscal year 1997 to confirm whether or not the system actually has measured concentrations above the screening levels.
Sampling and Measurement Uncertainty
sample measurements. The estimated measurement uncertainty was-compared against the values reported by the analytical laboratories; between the earlier and later sampling periods; and between type of sample. The estimated sampling uncertainty was compared between the earlier and later sampling periods and with the estimated measurement uncertainty. The differences between the duplicate and split measurements were also compared. Tables 14 through 16 show the results for the earlier sampling period and Tables 17 through 20 show the results for the later sampling period.
If there were no uncertainty, then the measurement values for a pair of duplicate or split samples would be identical. The pair of measurement values &e not identical because of sampling uncertainty and/or measurement uncertainty. Sampling uncertainty occurs because concentrations of a substance can vary between locations within the tank. Sampling uncertainty could also occur for split samples because the concentrations may be nonuniform within the sample being split. Sampling uncertainty for split samples should be small for liquid samples but could be large for sludge samples.
Measurement uncertainty occurs because there are sources of error that get introduced when making a measurement (self-absorption, backscatter, resolving time, geometry, the inherent stochastic nature of radioactive decay, etc.). Measurement errors tend to increase, relatively, when the measured concentration decreases and the absolute value of the measurement error tends to increase as the magnitude of the measurement increases.
E the sampling uncertainty is small, the split samples, when analyzed at two different laboratories, provide information on the size of the measurement uncertainty.
The duplicate sample measurements contain both sampling and measurement uncertainty. When there is adequate information on the measurement uncertainty, then the information from the duplicate samples can be used to estimate the sampling uncertainty.
As shown in Tables 14, 17 and 18, the estimated and reported measurement uncertainties tended to agree with one another. For the later sampling period the averages of the estimated and reported measurement uncertainty for the two groupings of split samples (the Group A split samples were analyzed by CST-9 and the Group B split samples by Accu-Labs Research) tended to be approximately within two standard deviations of the average although the individual pair of values often did not agree with one another within a factor two. For the duplicate samples, the estimated and reported uncertainty did agree with one another within a factor of two. For the Group A split samples from the earlier sampling period and the Group B split samples from the later Sampling and measurement uncertainty were estimated from the duplicate and split sampling period, they tended to agree within a factor of two. For the Group A split samples from the earlier sampling period and the Group B split samples from the later sampling, the results were mixed. measurement uncertainty or the reported value. For the split samples from the earlier sampling period, the estimated measurement uncertainty tended to be larger than the reported uncertainty. The reverse was true for the split samples from the later sampling period. For the duplicate sludge samples, the estimated measurement uncertainty was greater than the reported value and the converse was true for the duplicate liquid samples.
For the later sampling period, the estimated measurement uncertainties for the Group A and Group B split samples tended to agree with one another but-the reported measurement uncertainty for the same comparison did not. For the later sampling period the averages of the estimated Group A and B split measurement uncertainty tended to be approximately within two standaid deviations of the average although the individual pair of values often did not agree with one another within a factor two. For the same comparison, the differences of the averages of the reported values tended to be greater There were patterns concerning which tended to be larger, the estimated than two standard deviations of the average. When comparing the measurement uncertainty between the Group A and B split samples for both the estimated and reported values, about half of the values were within a factor of two of one another and about half were not.
For the earlier sampling period, the measurement uncertainties for the Group A and B split samples tended not to agree with one another for both the estimated and reported values. For this comparison, they tended to be greater than a factor of two from one another.
There were patterns concerning which tended to be larger, the measurement uncertainty for the Group A or B split samples. For the estimated measurement uncertainty for the later sampling period and for the reported measurement uncertainty, the Group A samples tended to have a larger value than the Group B split samples. For the estimated measurement uncertainty for the earlier sampling period, the converse was true.
The results were mixed when comparing the magnitude of the measurement uncertainties between the earlier and later sampling periods. For the reported values for the Group A split samples, they tended to be within a factor of two of one another. For the estimated values for the Group B split samples, they were greater than a factor of two from one another. For the reported values for the split samples, half of the values were within a factor of two of one another and half were greater than a factor of two from one another.
There were patterns concerning which tended to be larger, the measurement uncertainty for the earlier or the later sampling period. For the estimated values for the Group B split samples, the earlier values tended to be greater than the later values. The converse was true for the reported values for the Group B split samples. The results were mixed for the reported values for the Group A split samples.
For the later sampling period, sampling uncertainty could only be estimated for the gamma, gross alpha and tritium analyses in the liquid phase. When comparing the results between the earlier and later sampling period for these three cases;-the estimates for the earlier sampling period were greater than those for the later sampling period and only in one case of the three cases were they within a factor of two of one another. The magnitude of the sampling uncertainty directly correlates with the magnitude of the measurement.
Sampling uncertainty was estimated for both the earlier and later sampling periods.
For the earlier sampling period, the estimated sampling uncertainty was greater than the estimated measurement uncertainty. For the later sampling period, the results were mixed. For the Group A split samples, the estimated sampling uncertainty tended to be less than the estimated measurement Uncertainty. For the Group B split samples, the converse was true.
As shown in Tables 15,16 , 19 and 20, the pair of duplicate and split measurements predominantly agreed with one another. Measurement differences for the pair of duplicate and split samples were predominantly within approximately two standard deviations of a zero difference. The exceptions were the following: the gross alpha Group B split liquid measurements for the later sampling period; the gross garnmdgamma spectroscopy and gross beta Group B split sludge measurements for the later sampling period; and the tritium Group B split sludge measurements for the earlier sampling period. 
